Environmental DNA (eDNA) metabarcoding can identify terrestrial taxa utilising aquatic habitats 26 alongside aquatic communities, but terrestrial species' eDNA dynamics are understudied. We 27 evaluated eDNA metabarcoding for monitoring semi-aquatic and terrestrial mammals, 28 specifically nine species of conservation or management concern, and examined 29 spatiotemporal variation in mammal eDNA signals. We hypothesised eDNA signals would be 30 stronger for semi-aquatic than terrestrial mammals, and at sites where individuals exhibited 31 behaviours. In captivity, we sampled waterbodies at points where behaviours were observed 32 ('directed' sampling) and at equidistant intervals along the shoreline ('stratified' sampling). We 33 surveyed natural ponds (N = 6) where focal species were present using stratified water 34 sampling, camera traps, and field signs. eDNA samples were metabarcoded using vertebrate-35 specific primers. All focal species were detected in captivity. eDNA signal strength did not differ 36 between directed and stratified samples across or within species, between semi-aquatic or 37 terrestrial species, or according to behaviours. eDNA was evenly distributed in artificial 38 waterbodies, but unevenly distributed in natural ponds. Survey methods deployed at natural 39 ponds shared three species detections. Metabarcoding missed badger and red fox recorded by 40 cameras and field signs, but detected small mammals these tools overlooked, e.g. water vole.
sampling and collected once sampling was completed. At TLNR, camera traps (two to three per 206 pond) were deployed one day before a 5-day period of eDNA sampling and collected one week 207 after sampling was completed. Camera traps were positioned perpendicular to the ground (1 m 208 height, 0.3-1 m from shoreline) to capture water and shoreline. Cameras took three 209 photographs (5 megapixel) when triggered (3 s interval between triggers) at high sensitivity. sample was vacuum-filtered where possible, two filters were used for each sample, and 220 duplicate filters were stored in one petri dish at -20 °C. A filtration blank (1 L MGW) was 221 processed during each filtration round (n = 21). The total water volume filtered per sample was 2.4 DNA extraction 225 226 DNA was extracted within 2 weeks of filtration at the UoH eDNA facility using the Mu-DNA 227 water protocol (Sellers, Di Muri, Gómez, & Hänfling, 2018 Our eDNA metabarcoding workflow is fully described in Appendix A. Briefly, we performed reassigned to that species, species were reassigned to domestic subspecies, and 276 misassignments were corrected, e.g. Lynx pardinus and Lynx lynx. Manual reassignment 277 duplicated some metaBEAT assignments thus the read count data for these assignments were 278 merged. Taxon-specific sequence thresholds (i.e. maximum sequence frequency of each taxon 279 in PCR positive controls) were used to mitigate cross-contamination and false positives (Table   280 A4, Fig. A3 ), and remnant contaminants and higher taxonomic assignments removed excluding 281 the following genera. Anas (Dabbling ducks) was retained because potential for hybridisation 282 reduced confidence in species-level assignments, and Emberiza (Buntings) and Larus (White-283 headed gulls) were retained because reference sequences were missing for several common 284 species. Dataset refinement is fully described in Appendix A. Taxonomic assignments remaining 285 in the refined dataset were predominantly of species resolution and considered true positives. 286 We split the refined dataset by Experiment 1 (artificial waterbodies) and Experiment 2 (natural 287 ponds). Proportional read counts for each species were calculated from the total unrefined 288 read counts per sample. Our proportional read count data were not normally distributed 289 (Shapiro-Wilk normality test: W = 0.915, P < 0.001), thus we used a Mann-Whitney U test to 290 compare the median proportional read count of stratified and directed samples across species. 291 We employed binomial Generalized Linear Mixed-effects Models (GLMMs) with the logit 292 link function using the package glmmTMB (development version; Brooks et al., 2017) for the 293 following tests. First, we compared the eDNA signals from stratified and directed samples for 294 each mammal species using a hierarchical model including sample type nested within species 295 (fixed) and wildlife park (random) as effects. We tested the influence of species lifestyle on 296 mammal eDNA signals using a model with species lifestyle (fixed) and species nested within 297 wildlife park (random) as effects. Using directed samples, we tested the influence of behaviour 298 on mammal eDNA signals using two hierarchical models, including species nested within 299 wildlife park (random) and specific (e.g. swimming, drinking) or generic (i.e. water contact 300 versus no water contact) behaviour(s) respectively (fixed) as effects. We assessed model fit 301 using diagnostic plots and performed validation checks to ensure model assumptions were met 302 and overdispersion was absent (Zuur, Ieno, Walker, Saveliev, & Smith, 2009 ).
303
For Experiment 2, we qualitatively compared mammal presence-absence records 304 generated by eDNA metabarcoding, camera trapping, and field signs. TLNR ponds were 305 sampled every 24 hrs for 5 days, thus proportional read counts were averaged across days for 306 comparison to BE and TM ponds (sampled once each). We qualitatively compared the samples taken from their respective enclosures. HWP red deer were not detected in 2 of 5 334 stratified samples, and WT hedgehog was not detected in 1 of 2 drinking bowl samples (Fig. 1) .
335
'Other' samples (neither directed nor stratified) were excluded from further comparisons, thus 336 hedgehog, red squirrel, and water vole were omitted in downstream analyses. Across species, 337 stratified samples (0.406) had a higher median proportional read count than directed samples 338 (0.373), but this difference was not significant (Mann-Whitney U test: U = 1181.5, P = 0.829).
339
Proportional read counts for directed and stratified samples did not significantly differ ( 2 6 = 340 0.364, P = 0.999) within species either ( Fig. 2a ; GLMM: θ = 0.168, 2 53 = 8.915, P = 1.000, 341 pseudo-R 2 = 39.21%). Otter proportional read counts were lower than other species, but not 342 significantly so. Similarly, species lifestyle (semi-aquatic, ground-dwelling, arboreal) did not 343 influence ( 2 2 = 0.655, P = 0.721) proportional read counts ( Fig. 2b ; GLMM: θ = 0.213, 2 61 = 344 13.002, P = 1.000, pseudo-R 2 = 11.85%). Proportional read counts did not differ ( 2 11 = 1.369, P 345 = 0.999) according to specific behaviours exhibited by species ( Fig. 3a ; GLMM: θ = 0.355, 2 31 = 346 11.013, P = 0.999, pseudo-R 2 = 9.17%). Likewise, generic behaviour (i.e. water contact versus no 347 water contact) did not influence ( 2 11 = 0.002, P = 0.964) proportional read counts ( Fig. 3b ; of initial detection, as opposed to amphibians that were detected for multiple days and whose 378 eDNA signal increased in strength. The majority of semi-aquatic or terrestrial mammals were 379 only detected in a single sample on each day. In Experiment 1, all nine focal species were detected in captivity, and seven were detected in all 397 water samples taken from their respective enclosures. This demonstrates that our method can 398 successfully detect a variety of mammals from pond and drinking water. Surprisingly, we found noninvasive techniques.
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